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ABSTRACT

Shiga toxin-negative Escherichia coli O157 strains of various H types have been associated with diarrhea in children
and are considered potentially pathogenic for humans. In this study, we describe non-Shiga toxin-producing E. coli
O157 E. coli strains previously obtained from dogs in Argentina. Different E. coli phylogenetic lineages corresponding
to flagellar types H16, H29 and H45 were identified. E. coli serotypes O157:H16 and O157:H45 contained intimin
subtypes ε and α1, respectively. Serotype O157:H45 carried the bfp gene encoding the bundle-forming pilus. Local-
ized adherence-like patterns to HEp-2 cells were observed in O157:H16 strains, while O157:H45 adhered in a typical
localized pattern. A total of eight different XbaI-pulse field electrophoresis patterns with more than 74 % similarity were
identified among the nine E. coli O157:H16 strains. Our data emphasized the fact that dogs may harbor human
pathogenic E. coli O157 which do not correspond to Shiga toxin-producing strains and whose potential human health
hazard should not be underestimated.
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RESUMEN

Caracterización de cepas de Escherichia coli  O157 no productoras de toxina Shiga aisladas de perros. Cepas
de E. coli O157 no productoras de toxina Shiga (Stx) que presentan diversos antígenos flagelares han sido aisladas
de niños con diarrea y se consideran potencialmente patógenas para humanos. En el presente trabajo se describen
cepas Stx-negativas de E. coli O157 de distintos tipos flagelares previamente aisladas de perros en Argentina. Los
tipos flagelares H16, H29 y H45 correspondieron a diferentes grupos filogenéticos. Los serotipos O157:H16 y O157:H45
presentaron los subtipos de intimina ε y α

1
, respectivamente. En el serotipo O157:H45 se detectó la presencia del gen

bfp, codificante de la fimbria bundle-forming pili. El patrón de adherencia en células HEp-2 correspondió al tipo simil
a localizada para E. coli O157:H16, mientras que O157:H45 mostró adherencia localizada típica. Dentro de las 9
cepas de E. coli O157:H16 estudiadas se detectaron 8 patrones de XbaI-PFGE con más del 74% de similitud. Nuestros
datos confirman que los perros pueden ser portadores de E. coli O157 patógenas no productoras de Stx, las que
representan un riesgo para la salud pública que no debe ser subestimado.
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Attaching and effacing Escherichia coli (AEEC) are a
group of Escherichia coli strains that are able to colonise
the intestinal mucosa of humans and animals with a char-
acteristic histopathological lesion known as attaching and
effacing (A/E). A/E lesions are initiated by the attachment
of bacteria to the enterocytes, a process mediated by
intimin, an outer membrane adhesin encoded by the eae
gene. Intimin and most of the proteins responsible for A/
E lesions are encoded by genes clustered in a patho-
genicity island, referred to as the locus of enterocyte ef-
facement (LEE) (9).

Some AEEC strains also produce Shiga toxins and
these strains are called enterohemorrhagic E. coli (EHEC).

On the other hand, enteropathogenic E. coli (EPEC) is
defined as AEEC strains which possess the EPEC ad-
herence factor plasmid (pEAF) that encodes bundle-form-
ing pili and regulatory genes, while a subset of EPEC
strains, known as atypical EPEC (aEPEC) lack the EAF
plasmid.

EPEC strains are a well-recognized cause of infantile
diarrhea in developing countries, whereas EHEC strains,
mainly serotype O157:H7, are responsible for a wide spec-
trum of clinical diseases including diarrhea, hemorrhagic
colitis and hemolytic uremic syndrome (HUS), the lead-
ing cause of renal failure in children in Argentina and sev-
eral other countries (12). Healthy cattle are postulated as
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a major source of human EHEC O157:H7 infections, al-
though other healthy and diarrheic animals can carry EHEC
strains belonging to different serotypes (15). Although the
O157:H7 serotype is the prototype of highly pathogenic
EHEC, non-Shiga toxin-producing E. coli O157 strains have
been isolated from children with diarrhea (3), but their role
as commensal or pathogenic bacteria is not completely
clear. Most of these E. coli serogroup O157 isolates were
categorized as EPEC or aEPEC. In this study, we analyze
Shiga toxin-negative E. coli O157 strains previously iso-
lated as part of an epidemiological survey of Shiga toxin-
producing E. coli O157 in dogs in Argentina (1). All the
isolates were obtained from the same district in Buenos
Aires suburbs along one year.

A total of eleven E. coli O157 strains belonging to differ-
ent H-types were investigated for additional virulence mark-
ers and clonal relationships. The eae gene was subtipified
by PCR-RFLP analysis as described by Ramachandran et
al. (11). The bfpA gene that encodes the bundle-forming
pilus was amplified by PCR as described (6). Classifica-
tion of the E. coli strains into the four major phylogenetic
groups (A, B1, B2 and D) was carried out by using the
multiplex PCR protocol proposed by Clermont et al. (4).
The macrorestriction fragment separation by PFGE of the
E. coli O157:H16 strains was performed by using the 24-h
PulseNet standardized PFGE protocol for E. coli O157:H7,
with minor modifications (5). Cluster analysis of the elec-
trophoretic profiles obtained by PFGE was carried out with

the BioNumerics version 3.5 software package (Applied
Maths, Belgium) using the Dice coefficient and UPGMA to
generate dendrograms with 1.5% tolerance values. The
strains were characterized by the pattern of adherence to
HEp-2 cells in the presence of D-mannose according to
the method described by Scaletsky et al. (13). Fermenta-
tion of sorbitol and production of enterohemolysin were
carried out as previously described (2).

The characteristics of E. coli O157  strains identified in
this study are shown in Table 1. The eae gene was present
in all except one of the O157:H16 strains and in the
O157:H45 strain. Further characterization of the eae gene
revealed that the O157:H16 and O157:H45 strains ex-
amined were intimin subtype ε and α

1, respectively. Only
the E. coli O157:H45 strain harbored the bfpA gene. In
contrast to most O157:H7 strains, all the isolates fer-
mented sorbitol and were enterohemolysin negative.
Concerning the adhesion of bacterial isolates to HEp-2
cells, all E. coli O157:H16 eae positive strains showed a
localized adherence-like (LAL) pattern, while the
O157:H45 strain adhered to HEp-2 cells in a localized
manner (LA), a phenotype associated with the expres-
sion of bundle-forming pili. The O157:H29 strain was non-
adherent. A total of eight different XbaI-PFGE patterns
with more than 74% similarity were identified among the
nine E. coli O157:H16 strains. Two O157:H16 strains iso-
lated from epidemiologically non-related animals showed
the same XbaI-PFGE patterns (Figure 1).

Table 1 . Characterization of non-Shiga toxin-producing E. coli O157 strains

Serotype n stx1 stx2 eae bfpA Phylogenetic Adherence Pathotype
group pattern

O157:H16 8   -   - ε  - A LAL(1) aEPEC

1   -   -  -  - A NA(2)  -

O157:H29 1   -   -   -  - B1 NA  -

O157:H45 1   -   - α1  + B2 LA(3) EPEC

(1)No adherence; (2)Localized adherence-like; (3)Localized adherence

Figure 1 . PFGE of E. coli O157:H16 strains isolated from dogs.
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Most typical EPEC serotypes have been isolated only
from humans, whereas several animal hosts, including
dogs, harbor atypical EPEC that belong to a wide diversity
of serotypes (8). A significant association between aEPEC
and diarrhea in children has been observed (10). In this
study, we found that the E. coli O157:H16 isolates fell within
the aEPEC pathotype, because all of them lacked the bfp
gene. Furthermore, when these strains were analysed by
PFGE, all but two strains displayed genotypic patterns with
more than 90% similarity and two strains were indistinguish-
able. This result shows the highly genetic relationship be-
tween the strains of this serotype, which seems to be wide-
spread among dogs in the neighbourhoods of Buenos Aires
city. Moreover, E. coli O157:H16 strains with the same viru-
lence profile have been found to be associated with bloody
and non-bloody diarrhea in children, and have also been
detected in sausage and hamburger samples in Argentina
(M. Rivas, INEI-ANLIS, personal communication). In com-
parison, the E. coli O157:H45 strain seems to be a typical
EPEC. EPEC O157:H45, produced a massive outbreak of
diarrhea in humans in Japan in 1998 (7).

Phylogenetic analyses have shown that the popula-
tion structure of E. coli is clonal and the E. coli strains fall
into four main phylogenetic groups (A, B1, B2 and D) (4).
In accordance with previous studies (14), we observed
an association between the different O157 serotypes and
phylogenetic ancestry. Each E. coli serotype belonged to
a distinct phylogenetic group, A, B1 and B2, indicating
the emergence of O157 strains in the three different line-
ages. The O157:H7 lineage is proposed to have emerged
from an O55:H7-like EPEC ancestor by shifting the O-
antigen from O55 to O157 (14). Both serotypes possess
the eae gene encoding γ subclass intimin. In contrast, E.
coli O157:H45 possesses α1 subclass intimin, which is
present in the typical EPEC O55:H6.

In conclusion, our results confirm that dogs may har-
bour pathogenic E. coli O157 which do not correspond to
Shiga toxin-producing strains and whose potential human
health hazard should not be underestimated.
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